High intensity interval training attenuates endothelial dysfunction in heart failure with preserved ejection fraction (HFpEF)
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University Leipzig, Heart Center, Leipzig, Germany, 2 Norwegian University of Science and Technology, Trondheim, Norway Topic: Exercise training Background: More than 14 million Europeans suffer from heart failure (HF), with~50% characterized to have a preserved ejection fraction (HFpEF). Morbidity and mortality remains high in HFpEF, with limited benefits observed following large-trial pharmacological interventions. HFpEF patients demonstrate endothelial dysfunction, which is an independent risk factor for future cardiovascular events. At least in HF with reduced ejection fraction (HFrEF), exercise training is known to be a beneficial therapeutic intervention that reduces endothelial dysfunction, but whether the same also occurs in HFpEF is unclear. The present study therefore examined, in an animal model of HFpEF, the impact of high intensity interval exercise training (HIT) on endothelial function whilst identifying possible molecular mechanisms. Methods: Seven week old female Dahl salt-sensitive rats were randomized into the following groups: (1) control: animals fed with a diet containing 0.3% NaCl, n=10; (2) HFpEF: animals fed with a diet containing 8% NaCl, n=11; (3) HFpEF-HIT: animals fed with a diet containing 8% NaCl who performed treadmill exercise 3x38 min/week, at a maximum heart rate of 60% with 4 intervals of 4 min at 90%, n=11. At 28 weeks, echocardiography and invasive hemodynamic measurements confirmed HFpEF was developed, and the aorta was removed and endothelial depended and independent vasodilation measured in vitro. Expression of eNOS and AGE (advanced glycation end product)-modified proteins were quantified by western blot, and MMP-2 and 9 activities were measured by zymography. Data are presented as arbitrary units. Results: HFpEF significantly reduced both endothelium-dependent and endothelium-independent vasodilation, but HIT prevented these impairments. HFpEF significantly reduced protein expression of eNOS compared to controls and HFpEF-HIT rats (0.60AE0.09 vs. 1.12AE0.20 and 1.00AE0.12, respectively). MMP-2 and MMP-9 activity significantly increased in HFpEF compared to controls (MMP-2: 0.82AE0.05 vs. 2.35AE0.16; MMP-9: 0.25AE0.07 vs. 0.42AE0.0.04), but this was not observed following HIT (MMP-2: 1.84AE0.15; MMP-9: 0.26AE0.03). Expression of AGE-modified proteins was increased in HFpEF compared to controls (0.86AE0.08 vs. 1.78AE0.36), however this was prevented by HIT. Conclusion: Endothelial dependent and endothelial-independent vasodilation is impaired in HFpEF, which is associated with reduced expression of eNOS, increased MMP activity, and increased AGE mediated protein crosslinking. HIT, however, was able to prevent endothelial dysfunction and the associated molecular alterations observed in HFpEF.
